, and hydroquinone were purchased from Acros Organics; 4-pentynenitrile, 5-hexynenitrile, sodium ascorbate, copper sulfate and the Amberlite resins were purchased from Sigma Aldrich, and all solvents were purchased from Fisher Scientific. All chemicals were used without further purification.
Azido-PEG was purchased from PegWorks, THPTA from Click Chemistry Tools, PBS was purchased from Hyclone. Ru(bpy) 2 (4-hexynenitrile) 2 (1) Ru(bpy) 2 Cl 2 (106.1 mg, 0.20 mmol) and silver triflate (AgOTf, 112 mg, 0.43 mmol) were suspended in methanol (15 mL) and stirred for 10 min. 5-hexynenitrile (178 L, 2 mmol) was added and the reaction was heated to 50 °C for 1 h. The methanol was removed by rotary evaporation and NH4PF6 was added to precipitate the PF6 salt of 1, which was extracted using dichloromethane. The product was purified by flash chromatography on silica gel with a gradient of 1:4 acetonitrile:DCM. The nitrate salt was generated by passage through an Amberlite IRA 743 Free Base resin pre-soaked overnight in HNO3 with methanol as the eluent; Yield: 100.6 mg, 68%. (413 mg, 2.6 mmol) were added to methanol (50 mL). The solution was stirred at room temperature for 1 h, then tetrabutylammonium hexafluorophosphate (TBAPF 6 ) was added until precipitation was complete (200 mg). The light-yellow product Ru(bz)(bpy)Cl was isolated by vacuum filtration and used without further purification for the next step (crude yield: 908 mg, 83%).
Methods

Synthesis of
Ru(bz)(bpy)Cl [PF 6 ] (908 mg, 1.76 mmol) and LiCl (612 mg, 14.4 mmol) were suspended in DMF (7 mL) and stirred under nitrogen for 10 min. Biquinoline (433 mg, 1.70 mmol) was added, and the solution heated to 130 °C for 1 h. The reaction mixture was cooled to room temperature and added to 500 mL DI water and filtered to collect the dark green product. The precipitate was then redissolved in dichloromethane and washed 2x with water and reprecipitated from diethyl ether for the final product, Ru(bpy)(biq)Cl 2 (614 mg, 55% overall yield).
Synthesis of Ru(bpy)(biq)(5-hexynenitrile)2[NO3]2 (2)
The same procedure for 1 was used:
Ru(bpy)(biq)Cl 2 (23.4 mg, 0.04 mmol), AgOTf (23 mg, 0.09 mmol), and 5-hexynenitrile (47 L, 0.54 mmol) dissolved in methanol (10 mL), purified by silica gel chromatography (1:4 acetonitrile:DCM).
Final yield: 16.6 mg, 63% yield. The water-soluble nitrate salt was generated by passage through an Amberlite IRA 743 Free Base resin presoaked in HNO3 with methanol as the eluent. mmol) were suspended in DMF (5 mL) and stirred under nitrogen for 15 min. Biquinoline (498 mg, 1.9 mmol) was added and the reaction heated to 130 °C for 1 h. The reaction mixture was added to 500 mL DI water and product isolated following the same procedure as Ru(bpy)(biq)Cl2. Yield: 219 mg, 33%.
Synthesis of Ru(biq)2(5-hexynenitrile)2[NO3]2 (3)
Ru(biq)2Cl2 from previous step (100 mg, 0.15 mmol) was dissolved in 10 mL of methanol. AgPF6 (105 mg, 0.4 mmol) was added, reaction was stirred at room temperature for 10 min. 5-hexynenitrile (230 L, 2.8 mmol) was added and solution was heated to 50 C for 1 h. Ru(biq) 2 (5-hexynenitrile) 2 [PF 6 ] 2 was extracted and purified as described for 1 (45.3 mg, 73%).
The nitrate salt was generated using Amberlite IRA 743 Free Base resin as described for 1. Yield: 97.9 mg, 73%. 1 H NMR (D2O): 9.3868 (s, 2H), 8.7955 (d, 2H), 8.4220 (m, 6H), 8.2398 (d, 2H), 8.1253 (t, 2H), 8.1097 (s, 2H), 7.9900 (d, 2H), 7.5695 (t, 2H), 6.9401 (t, 2H), 6.8261 (d, 2H), 6.8261 (d, 2H) PEG, ascorbate, and RuAlkyne were mixed together, and the CuSO 4 and THPTA were mixed separately to allow the THPTA to fully coordinate the copper. The two solutions were then combined and mixed thoroughly before being allowed to gel over the course of 5-10 min. Hydrogels were then soaked in PBS to remove any excess ruthenium and copper before any experiments were done. The rate constants for each step for 1-3: Figure S5 -Crystal structure for compound 2 Figure S5 . Crystal structure for 2 synthesized under longer, higher temperature reaction conditions. One 5-hexynenitrile ligand shows cis isomerization with 100% occupancy in the structure. The alkynebiquinoline distance for the cis-hexyne was 3.734 Å, while the alkyne-biquinoline distance for the transhexyne was 6.809 Å. The cis product was observed after extended reaction times during the initial synthesis, and was irreversible.
90.15° Figure S7 .1 is ORTEP representation of the molecule with 50% probability thermal ellipsoids displayed. (2) C23' 0.0770(7) 0.4192(3) 0.5632(7) 0.036 (2) C24' 0.1996(7) 0.4239(3) 0.6023(7) 0.0307(18) C25' 0.2862(7) 0.4342 (3) 0.5366(6) 0.0322(19) C26' 0.4034(7) 0.4400 (3) 0.5811(6) 0.0285(17) C27' 0.4381 (6) 0.4316(2) 0.6909(6) 0.0199(14) C28' 0.5595 (6) 0.4370(2) 0.7485(5) 0.0183(14) C29' 0.6513 (6) 0.4576(2) 0.7034(5) Table S7 .
Bond Distances in Compound 3
Ru1-N1 2.072(6) Ru1-N2 2.084(6) Ru1-N3 2.084(6) Ru1-N4 2.093(6) Ru1-N5 2.025(6) Ru1-N6 2.024 (6) N1-C1 1.378(9) N1-C9 1.341(9) N2-C10 1.346 (9) N2-C18 1.375(8) N3-C19 1.397(9) N3-C27 1.340(9) N4-C28 1.341 (8) 1.581(7) P2-F10 1.587(5) P2-F11 1.607(7) P2-F12 1.584(8) Ru1'-N1' 2.094(6) Ru1'-N2' 2.060(6) Ru1'-N3' 2.076(6) Ru1'-N4' 2.080(6) Ru1'-N5' 2.027 (7) Ru1'-N6' 2.040(6) N1'-C1' 1.383(9) N1'-C9' 1.343(10) N2'-C10' 1.332(9) N2'-C18' 1.393(9) N3'-C19' 1.362 (9) N3'-C27' 1.346(8) N4'-C28' 1.348(9) N4'-C36' 1.369(9) N5'-C37' 1.137(11) N6'-C43' 1.139(10) C1'-C2' 1.402(11) C1'-C6' 1.414(10) C2'-C3' 1.382(10) C3'-C4' 1.391(13) C4'-C5' 1.356(14) C5'-C6' 1.424(11) C6'-C7' 1.404(12) C7'-C8' 1.367(10) C8'-C9' 1.434(10) C9'-C10' 1.463(10) C10'-C11' 1.393(11) C11'-C12' 1.350(11) C12'-C13' 1.413 (11) C13'-C14' 1.422(10) C13'-C18' 1.410(11) C14'-C15' 1.352(12) C15'-C16' 1.409(12) C16'-C17' 1.371(10) C17'-C18' 1.402(11) C19'-C20' 1.414(10) C19'-C24' 1.402(11) C20'-C21' 1.341 (11) C21'-C22' 1.391(13) C22'-C23' 1.359(12) C23'-C24' 1.404 (11) C24'-C25' 1.432(11) C25'-C26' 1.367(11) C26'-C27' 1.420(10) C27'-C28' 1.458(10) C28'-C29' 1.423(9) C29'-C30' 1.357(10) C30'-C31' 1.399(10) C31'-C32' 1.424(10) C31'-C36' 1.436(9) C32'-C33' 1.346(12) C33'-C34' 1.417(11) C34'-C35' 1.364(11) C35'-C36' 1.415(10) C37'-C38' 1.476(13) C38'-C39' 1.542(19) C39'-C40' 1.48 (2) C40'-C41' 1.50(2) C41'-C42' 1.21 (2) C43'-C44' 1.450(11) C44'-C45' 1.515(11) C45'-C46' 1.516 (14) C46'-C47' 1.453(13) C47'-C48' 1.180(14) P1'-F1' 1.574(6) P1'-F2'
1.587(6) P1'-F3' 1.595(6) P1'-F4' 1.585(6) P1'-F5'
1.597(6) P1'-F6' 1.601(7) P2'-F7' 1.549(7) P2'-F8' 1.555(9) P2'-F9' 1.574(6) P2'-F10' 1.583(9) P2'-F11' 1.582(8) P2'-F12' 1.552(9) 120.4(6) N1-C1-C6 120.2(7) C6-C1-C2 119.3(6) C3-C2-C1 120.1(7) C2-C3-C4 120.7(8) C5-C4-C3 121.0(7) C4-C5-C6 120.0(7) C1-C6-C5 118.7(7) C7-C6-C1 119.2(7) C7-C6-C5 122.1(7) C8-C7-C6 119.9(7) C7-C8-C9 118.4(7) N1-C9-C8 122.0(6) N1-C9-C10
115.3(6) C8-C9-C10 122.7(7) N2-C10-C9 114.7(6) N2-C10-C11 122.5(6) C11-C10-C9 122.7(6) C12-C11-C10 119.2 (6) C11-C12-C13 120.8(6) C12-C13-C18 116.7(6) C14-C13-C12 123.7(7) C14-C13-C18 119.7(6) C15-C14-C13 120.7(7) C14-C15-C16 119.8 (7) C17-C16-C15 121.6(7) C16-C17-C18 119.9(7) N2-C18-C13 121.4(6) N2-C18-C17 120.4(6) C17-C18-C13 118.2(6) N3-C19-C24 120.2(6) C20-C19-N3 120.1(6) C20-C19-C24 119.8(7) C21-C20-C19 119.7(7) C20-C21-C22 121.1(8) C23-C22-C21 120.7(7) C22-C23-C24 120.1(8) C19-C24-C23 118.3(7) C19-C24-C25 118.2(7) C23-C24-C25 123.4(7) C26-C25-C24 120.2(7) C25-C26-C27 118.9(7) N3-C27-C26 122.7(7) N3-C27-C28 115.0(6) C26-C27-C28 122.3(6) N4-C28-C27 115.4(6) N4-C28-C29 122.7(6) C29-C28-C27 121.7(6) C30-C29-C28 118.9(6) C29-C30-C31 120.4(6) C30-C31-C32 122.8(6) C30-C31-C36 118.2 (6) C36-C31-C32 119.0(6) C33-C32-C31 120.6(6) C32-C33-C34 120.4(7) C35-C34-C33 120.5(7) C34-C35-C36 121.0(6) N4-C36-C31 121.2 (6) N4-C36-C35 120.3(6) C35-C36-C31 118.5(6) N5-C37-C38 173.6(7) C37-C38-C39 110.3(6) C40-C39-C38 111.8(7) C41-C40-C39 114.9(7) C42-C41-C40 175.2(9) N6-C43-C44 178.8(8) C43-C44-C45 112.1(7) C44-C45-C46 113.5(7) C47-C46-C45 114.6(7) C48-C47-C46 178.0(11) F1-P1-F3 179.1 (4) 
119.8 (6) C10'-N2'-Ru1' 111.5(5) C10'-N2'-C18' 119.1(6) C18'-N2'-Ru1' 127.4 (5) C19'-N3'-Ru1' 126.0(5) C27'-N3'-Ru1' 110.6(4) C27'-N3'-C19' 119.7(6) C28'-N4'-Ru1' 111.6(4) C28'-N4'-C36' 119.2(6) C36'-N4'-Ru1' 128.9(5) C37'-N5'-Ru1' 174.6(8) C43'-N6'-Ru1' 173.0(6) N1'-C1'-C2' 120.4(7) N1'-C1'-C6' 119.9(7) C2'-C1'-C6' 119.7(7) C3'-C2'-C1' 120.1(8)
118.5(8) C7'-C6'-C1' 119.2(7) C7'-C6'-C5' 122.2(7) C8'-C7'-C6' 120.8(7) C7'-C8'-C9' 117.9(8) N1'-C9'-C8' 122.2 (6) N1'-C9'-C10' 116.2(6) C8'-C9'-C10' 121.4(7) N2'-C10'-C9' 113.9 (7) N2'-C10'-C11' 122.7(6) C11'-C10'-C9' 123.4(7) C12'-C11'-C10' 119.0(8) C11'-C12'-C13' 120.2(8) C12'-C13'-C14' 123.1(7) C18'-C13'-C12' 118.6(6) C18'-C13'-C14' 118.3(7) C15'-C14'-C13' 120.8(8) C14'-C15'-C16' 119.9(7) C17'-C16'-C15' 121.5(7) C16'-C17'-C18' 118.8(8) N2'-C18'-C13' 119.3(7) N2'-C18'-C17' 120.0(7) C17'-C18'-C13' 120.6(7) N3'-C19'-C20' 120.9(7) N3'-C19'-C24' 121.0(7) C24'-C19'-C20' 118.1(7) C21'-C20'-C19' 120.8(8) C20'-C21'-C22' 121.4(7) C23'-C22'-C21' 118.8(8) C22'-C23'-C24' 121.6(8) C19'-C24'-C23' 118.7(7) C19'-C24'-C25' 118.0(7) C23'-C24'-C25' 123.3(8)
C26'-C25'-C24' 119.8(7) C25'-C26'-C27' 118.6(7) N3'-C27'-C26' 121.8 (6) N3'-C27'-C28' 114.0(6) C26'-C27'-C28' 124.1(6) N4'-C28'-C27' 115.4(6) N4'-C28'-C29' 121.9(6) C29'-C28'-C27' 122.6(6) C30'-C29'-C28' 118.9(6) C29'-C30'-C31' 120.9(6) C30'-C31'-C32' 123.7(6) C30'-C31'-C36' 117.9(6) C32'-C31'-C36' 118.3(6) C33'-C32'-C31' 121.1(7) C32'-C33'-C34' 121.0(8) C35'-C34'-C33' 119.7(7) C34'-C35'-C36' 121.3(7) N4'-C36'-C31' 120.7 (6) N4'-C36'-C35' 120.8(6) C35'-C36'-C31' 118.5(6) N5'-C37'-C38' 175.1(11) C37'-C38'-C39' 109.0(10) C40'-C39'-C38' 116.0(10) C39'-C40'-C41' 115.0(12) C42'-C41'-C40' 177.2(15) N6'-C43'-C44' 177.5(7) C43'-C44'-C45' 112.2(8) C46'-C45'-C44' 111.8(8) C47'-C46'-C45' 112.9(9) C48'-C47'-C46' 174.4(14)
This report has been created with Olex2 [6] Rotation frames were integrated using SAINT [2] , producing a listing of unaveraged F 2 and ( F 2 ) values. A total of 66656 reflections were measured over the ranges 5.974 ≤ 2 ≤ 55.112°, -14 ≤ h ≤ 14, -18 ≤ k ≤ 18, -21 ≤ l ≤ 21 yielding 10417 unique reflections (Rint = 0.0453). The intensity data were corrected for Lorentz and polarization effects and for absorption using SADABS [3] (minimum and maximum transmission 0.7183, 0.7456). The structure was solved by direct methods -ShelXT [4] . Refinement was by full-matrix least squares based on F 2 using SHELXL-2017 [5] . All reflections were used during refinement. The weighting scheme used was w=1/[ 2 (F o 2 )+ (0.0281P) 2 + 4.8088P] where P = (F o 2 + 2F c 2 )/3. Non-hydrogen atoms were refined anisotropically and hydrogen atoms were refined using a riding model. Refinement converged to R1=0.0426 and wR2=0.0901 for 9062 observed reflections for which F > 4 (F) and R1=0.0521 and wR2=0.0952 and GOF =1.093 for all 10417 unique, non-zero reflections and 642 variables. The maximum / in the final cycle of least squares was 0.002 and the two most prominent peaks in the final difference Fourier were +0.98 and -0.92 e/Å 3 . Figure S8 .1. is an ORTEP representation of the molecule with 50% probability thermal ellipsoids displayed. (2) 0.8448(2) 0.79671(17) 0.0165(5) C11 0.8843(3) 0.8833(2) 0.82135(18) 0.0223(6) C12 0.8747 (3) 0.8911(2) 0.90167(18) 0.0232(6) C13 0.7779 (2) 0.8682(2) 0.95635(17) 0.0186(5) C14 0.7539(3) 0.8877(2) 1.03551(18) 0.0233(6) C15 0.6540(3) 0.8711(2) 1.08385(19) 0.0247(6) C16 0.5730 (3) 0.8365(2) 1.05398(18) 0.0227(6) C17 0.5952 (2) 0.8145(2) 0.97861(17) 0.0176(5) C18 0.6999 (2) 0.8276(2) 0.92880(16) 0.0155(5) C19 0.5596 (3) 0.6004(2) 0.98689(18) (3) 0.4192(2) 0.8762(2) 0.0271(6) C27 1.0646 (3) 0.5072(2) 0.7957(2) 0.0251(6) C28 0.9455 (3) 0.5923(2) 0.77774(18) 0.0208(5) C29 0.3732 (3) 0.8456(2) 0.78867(17) 0.0183(5) C30 0.2359 (2) 0.9073(2) 0.77935(17) 0.0187(5) C31 0.2038 (3) 1.0186(2) 0.78892(18) 0.0213(5) C32 0.0608 (3) 1.0861(2) (3) C2-C3 1.368(4) C3-C4 1.418(4) C4-C5 1.357(4) C5-C6
1.414(4) C6-C7 1.406(4) C7-C8 1.364(4) C8-C9
1.404(3) C9-C10 1.475(4) C10-C11 1.414(4) C11-C12 1.363(4) C12-C13 1.412(4) C13-C14 1.415(4) C13-C18 1.423(4) C14-C15 1.370(4) C15-C16 1.408(4) C16-C17 1.372(4) C17-C18 1.414(3) C19-C20 1.385(4) C20-C21 1.369(5) C21-C22 1.383(4) C22-C23 1.391(4) C23-C24 1.475(4) C24-C25 1.381(4) C25-C26 1.382 (4) C26-C27 1.381(4) C27-C28 1.386(4) C29-C30 1.464 (4) C30-C31 1.528(4) C31-C32 1.531(4) C32-C33 1.471(4) C33-C34 1.182(4) C35-C36 1.489(7) C35-C36* 1.487(7) C36-C37 1.561(8) C36*-C37* 1.562(7) C37-C38 1.540(8) C37*-C38* 1.492(7) C38-C39 1.473(7) C38*-C39* 1.476(7) C39-C40 1.177(8) C39*-C40* 1.175 (8) 
1.594(2) P2-F9 1.595(2) P2-F10 1.609 (2) P2-F11 1.596(2) P2-F12 1.599(2) O1-C42 1.429(4) O1-C43
1.415(4) C41-C42 1.483(5) C43-C44 1.498 (6) Ru(biq)2(4-pentynenitrile)2[PF6]2, C46H34N6P2F12Ru, crystallizes in the monoclinic space group P21/c (systematic absences 0k0: k=odd and h0l: l=odd) with a=11.1852(6)Å, b=16.4112(10)Å, c=23.1159(13)Å, b=96.108(3)°, V=4219.1(4)Å 3 , Z=4, and dcalc=1.672 g/cm 3 . X-ray intensity data were collected on a Bruker APEXII CCD area detector employing graphite-monochromated Mo-Ka radiation (l=0.71073 Å) at a temperature of 100(1)K. Preliminary indexing was performed from a series of thirty-six 0.5° rotation frames with exposures of 10 seconds. A total of 2400 frames were collected with a crystal to detector distance of 37.5 mm, rotation widths of 0.5° and exposures of 30 seconds: ORNL-5138.
